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Storyline
Some reminders about gravitational waves
Traditional multi-messenger astronomy
Vignettes
Accretion disk radii
Interstellar plasma
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The Cosmos as we know it
η CARINAE

M81

SUN

SN 1987A

CYG-A

Light has been our messenger from the Universe
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Photons as Messengers

A myriad of instruments exist to detect photons, but photons are
limited by the fact that they interact readily with matter
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Gravity as a Messenger
1960s: Bars

2000s: km scale
Interferometers

2010s: Space

Don’t look with light, look with gravity.
Detect ripples in the fabric of spacetime generated by the
dynamic motion of matter and energy in the Cosmos
Gravitational waves travel unimpeded from source to observer
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Gravitational Wave Spectrum

Space

CMB
Polarization

Pulsar
Timing
Ground
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Gravitational Wave Spectrum

Big Bang waves; inflationary epoch
Early Universe exotic physics
• phase transitions, cosmic strings, domain walls...
• Massive BH
~300 to 30 million
solar masses
• Binary stars
• Galactic structure

• “Small” BH
~2 to 100 solar
masses
• Neutron stars
• Supernovae

Singularities? Exotic stars?

?

?

?
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Gravitational Wave Spectrum

Big Bang waves; inflationary epoch
Early Universe exotic physics
• phase transitions, cosmic strings, domain walls...
Pulsar timing search
for G-waves rules out
supermassive black hole
binary in quasar 3C66b
Jenet, Lommen, Larson,
& Wen (ApJ 606, 2004)

?

limits
on Crab pulsar
•LIGO
Massive
BH
• “Small” BH
Abbott
(ApJL 683, 2005)~2 to 100 solar
~300
to et
30al.million
LIGO
limits
on
Cosmic
GW
Background
solar
masses
masses
Abbott et al. (PRD 76, 2007; ApJ 659, 2007)
•LIGO
Binary
starson 78 Radio •Pulsars
Neutron stars
limits
• Galactic
• Supernovae
Abbott etstructure
al. (PRD 76, 2007;
ApJ 713, 2010)

Singularities? Exotic stars?

?

?
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Multi-messenger astronomy
Using multiple independent sensing strategies to observe a source
Best when the two sensor streams complement each other

M31
ANDROMEDA
GALAXY
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Multi-messenger astronomy
Multi-wavelength astronomy has long
been the traditional multi-messenger
technique

Other strategies exist, using multiple
spectra ––!light + particles

Highest energy cosmic rays have been
traced back to active galactic nuclei

There were 24 detected neutrinos from
SN 1987a, which resulted in ~800
papers (~33/neutrino).
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Gravitational Waves

Gravitational waves are a completely
new spectrum to add to the toolbox

Their weaknesses: need massive
systems, hard to detect

Their strengths: virtually transparent to
matter (no extinction), give direct
measure of luminosity distance

10

AM CVn Binaries
White dwarf primary
Secondary is a low mass helium star,
expanded to fill its Roche lobe

Gas flows through the inner Lagrange
point, and accretes onto the white
dwarf

Light curve varies through a flashlight
mechanism at the accretion impact
point
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How many can we see?
Use population synthesis to model the
ultra-compact binary population in the
galaxy
Some subset will be visible to both
electromagnetic and gravitational
wave telescopes
LITTENBERG & LARSON
2011

10000

5 Gm, 6 links
2 Gm, 4 links
1 Gm, 4 links

# with d! < 1 deg2
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100
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Signals
About 30% of the light in
the system is from the
bright spot, and manifests
itself at the peaks in the
light curve

BRIGHT SPOT
IMPACT

The light curve peaks when
the bright spot from the
accretion disk impact
sweeps across the
observer’s view
The gravitational wave signal
peaks when the binary axis
is perpendicular or parallel
to the line of sight

AM CVN
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Phase Offset
Measure the phase offset
between the peaks of the
gravitational waves and
the light curve

α

The phase offset is a
measure of the accretion
disk radius!

Requires simultaneous
observations
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Radio Pulsars
Radio pulsars are potential
gravitational wave sources
Components of binaries
Isolated pulsars (deformations)
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Pulsar Dispersion
Radio pulsar data shows dispersion
of pulses, a result of propagation
through interstellar plasma
The amount of dispersion is a
distance dependent effect

Usual to assume a model for the
column density (Taylor & Cordes
[1993]), measure the dispersion,
infer the distance to the pulsar
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Pulsar Dispersion

In the galaxy, LISA can measure
the distance to chirping binaries
(called luminosity distance in EM
astronomy)

This distance is purely from
gravitational parameters and is free
of the usual biases suffered by EM
methods
Combine the radio observation of
dispersion with the gravitational
wave distance, and solve for the
plasma column density

With multiple pulsars, I can test the models currently used for ne
(Timpano & Larson [2011])
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Number of Galactic Realizations

Will LISA have pulsars to work with?
NS-NS
0.1 bin/yr

NS-NS
1 bin/yr

Number of Systems with NS

NS-BH
0.1 bin/yr

NS-BH
1 bin/yr

Total Number
of Systems

TIMPANO & LARSON
2011

Use Monte Carlo simulations of the galactic population to see how
many radio pulsar binaries will be visible in the galaxy
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Work in Progress

Pulsar binaries will not persist in the
LIGO band long enough for there to
be coincident radio observations
Isolated radio pulsars will be long lived
continuous wave sources for LIGO

If an independent distance measure to
the pulsars is found, one can measure
the electron column density
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Isolated Pulsars
A pulsar is a gigantic, rotating
misaligned magnetic dipole

The pulsar spin is slowing down:
magnetic dipole braking (torque)
gravitational wave emission

The pulsar braking index is a power law
index that describes the slow
spindown of the pulsar

The value of n depends on the physical effects causing the slowing, but
is an observable from the radio astronomers
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Isolated Pulsars
The average value of n is ~2.4 – 2.6
n from EM braking is 3
LIGO will measure gravitational
wave contribution to n

Allows us to measure the luminosity
distance, and measure the electron
column density (Addison & Larson [2011])
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Last Thoughts

Multi-messenger observations provide
new probes of astrophysical
information that is usually difficult or
impossible to get by telescope alone

Gravitational waves are a completely
separate spectrum for observations,
with its own distinct advantages that
complement traditional methods
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